Abstract: This study examines how firm performance is driven jointly by individual firm--specific capabilities and the characteristics of networks in which firms are embedded. By using business groups in emerging economies as the organizational lens and adopting stochastic frontier estimation to measure firm capabilities, we find that the value of a firm's capability is contingent upon the structure and the content of the intra--group network in which it is embedded. Specifically, we find that a dense intra--group network is likely to make innovative capability more valuable, although this effect varies across different types of network ties. While a dense network of intra--group buyer--supplier ties and equity ties enhances the value of innovative capability, a dense network of intra--group directorship ties does not influence the efficacy of a firm's innovative capability. JEL classification: D21, M16, L25, O32 Keywords: business group, capability, interfirm network, Taiwan While some management scholars have argued that performance differences between firms are due to their differing levels of organizational capabilities (Wernerfelt 1984; Barney, 1991; Peteraf, 1993) , social network researchers have posited that performance differences stem from differences in the structural attributes of the networks in which individual firms are embedded (Granovetter, 1985; Burt, 1992; McEvily and Marcus, 2005) . For example, dense networks, in which firms are connected to each other by a thick web of relations, are seen by some scholars as being the most favorable type of network for firms that are part of such networks (Coleman, 1990) . At the same time, however, others have argued that dense network structures have a negative impact on firm performance (Burt, 2000) . Despite a growing consensus that both firm capabilities and network ties have significant implications for firm performance, we know little about the effect of network structures on the efficacy of firm capabilities, as well as whether and how this effect varies across different types of network ties. This study aims to fill this theoretical gap. Specifically, we examine how the overall connectivity of firms within their social networks impacts the value of their capabilities.
Whether and How Network Structure Shapes the Value of Firm Capabilities?
While some management scholars have argued that performance differences between firms are due to their differing levels of organizational capabilities (Wernerfelt 1984; Barney, 1991; Peteraf, 1993) , social network researchers have posited that performance differences stem from differences in the structural attributes of the networks in which individual firms are embedded (Granovetter, 1985; Burt, 1992; McEvily and Marcus, 2005) . For example, dense networks, in which firms are connected to each other by a thick web of relations, are seen by some scholars as being the most favorable type of network for firms that are part of such networks (Coleman, 1990) . At the same time, however, others have argued that dense network structures have a negative impact on firm performance (Burt, 2000) . Despite a growing consensus that both firm capabilities and network ties have significant implications for firm performance, we know little about the effect of network structures on the efficacy of firm capabilities, as well as whether and how this effect varies across different types of network ties. This study aims to fill this theoretical gap. Specifically, we examine how the overall connectivity of firms within their social networks impacts the value of their capabilities.
We use business groups in emerging economies as the organizational lens to examine how a firm's performance is driven by the interaction between its capabilities as well as the structure of the network in which it belongs. Business groups are a common organizational form across many developing and some developed economies. Sociologists often view business groups as networks that have clear boundaries and whose member firms are affiliated to each other via various formal and informal means (Granovetter, 1995) .
1 Individual affiliates within a group are legally independent firms, implying that their performance is driven by their firm-specific capabilities. At the same time, however, their membership in a business group suggests that their performance is also partly determined by the structure of their group, as well as the type of intra-group ties that exist in their group. Despite growing interest in business groups among researchers, the networkspecific contingencies under which groups influence their affiliates' performance remains under-studied. We examine how the variation in affiliate performance across groups is driven jointly by group-level network structure and affiliate-level capability. The potential interactions between network structures and firm capabilities warrant cross-level analyses of affiliate performance.
In this study, we focus on a specific type of firm capability, namely, inno-relations. As individual firms increasingly become nodes in webs of formal and informal relationships with other firms, three questions arise as to how network ties influence the benefits of a firm's own capabilities. First, are individual firm capabilities still relevant when a firm can rely on the resources and capabilities of its network partners? Second, do network ties affect the efficacy of firm capabilities by either complementing or diminishing them? If network ties do influence the impact of firm capabilities on firm performance, a subsequent question is whether this impact differs across distinct types of ties. In theory, network relations can strengthen as well as diminish the benefits of individual firm capabilities by affecting the firm's access to the knowledge and resources needed to exploit its capabilities. For example, certain capabilities, such as those related to new product development, are more beneficial to firms when networks provide access to complementary resources and information that facilitate successful commercialization (Ahuja, 2000) . At the same time, however, having too many inter-organizational ties can reduce the value of a firm's capabilities by promoting insularity, information leakage, and free riding (Uzzi, 1997; Burt, 2000) . Thus, to the extent that a firm is embedded in a network of formal and informal ties, the structure of the network is likely to shape the effectiveness of its capabilities.
Prior studies have shed some light on the role of network structure in shaping the value of capabilities. Tsai (2001) found that firms with high absorptive capacity enjoy better performance if they occupy central positions in a network. Zaheer and Bell's study (2005) indicated that a superior network position, in the form of access to structural holes, enhances a firm's performance as it enables the firm to better exploit its innovative capabilities. These studies have mainly focused on the impact of a firm's embeddedness in a network of formal and informal relationships on the exploitation of its capabilities.
However, relatively little is known about whether these effects differ across different types of ties. Firms are embedded in networks formed by a variety of ties, such as interlocking directorships, trade association memberships, and R&D collaborations. Different types of network ties differ in the material and immaterial substances transferred through them (Podolny and Baron, 1997) . They also have distinct impacts on the behaviors and interactions that characterize inter-firm relationships (Gulati and Westphal, 1999) , and thus have different performance implications. To obtain a more finegrained understanding of the mechanisms through which networks influence firm performance, both independently and jointly with firms' internal capabilities, it is important to consider the role of "network content", i.e. the type of ties prevalent in a network.
Rather than regarding all types of ties as equally beneficial to firm performance, we examine the effects of three different types of intra-group ties on the efficacy of innovative capability. These ties are: buyer-supplier ties, Copyright c 2015 University of Perugia Electronic Press. All rights reserved equity ties, and directorship ties. Buyer-supplier ties are created when affiliates within a group interact as buyers and suppliers. Equity ties exist when affiliates own equity stakes in each other through cross-shareholdings. Directorship ties arise when individuals sit on the boards of multiple affiliates.
Besides examining the impact of different types of ties, we also shift the level of analysis from the ego-network to the overall network. This complements previous research that focused on the performance implications of the ego-network structure, and hopefully, will shed light on the understudied role of the overall structure of the network in shaping the efficacy of firm capabilities. In particular, we consider how the overall connectivity between firms within a network shapes the value of firm capability, after controlling for the effect of the network position of individual firms. To capture overall network connectivity, we adopt the concept of network density, defined as the ratio of the actual number of ties among firms within the network to the total number of potential ties in that network. A highly dense network makes it easier for network participants to leverage each others' resources (Coleman, 1988) . It also induces bounded solidarity, stronger norms about reciprocity, greater trust, and sanctions against opportunistic behavior, thus facilitating knowledge transfer within the network (Granovetter, 1985; Coleman, 1990) . Excessive density, however, may constrain network members' access to ideas and resources available beyond the network (Uzzi, 1997) . In the absence of access to innovative ideas from outside the network, the information available through network ties tends to be homogenous and redundant and works to impede firm performance (Burt, 1992) .
We investigate the contingent effect of network ties by analyzing how the density of different types of network ties affects the value of firm capabilities. We speculate that some types of network ties will enhance the value of firm capabilities, while others may not.
Business Groups: A Type of Network
A business group is a common type of multi-business firm in developing economies, frequently dominating a substantial fraction of a country's productive assets and influencing its technological development (Amsden and Hikino, 1994; Granovetter, 1995) . Although definitions vary across countries, business groups generally combine elements of conglomerate holding companies and multidivisional corporations, creating a multi-business firm that has been referred to as a network form of organization (Nohria and Eccles, 1992) . Like conglomerates, business groups provide a corporate financial structure that controls businesses in multiple industries (Williamson, 1985) . They are also similar to multidivisional corporations in that the businesses within a business group operate with a substantial degree of interdependence.
However, business groups are also unique in some ways. They are more http://www.rei.unipg.it/rei/article/view/172 5 stable and coordinated than conglomerates, but are less centralized than their typical multidivisional counterparts (Granovetter, 1995) . In this study, we define business groups as networks of loosely coupled legally independent firms, linked by long-standing formal and informal ties. As a network of legally independent affiliates, the performance of each individual affiliate is influenced by its individual capabilities. However, individual affiliates can also rely on other affiliates within the same group for resources and information, implying that the performance of affiliates will also be influenced by their network relations with other group members. While both group-level network structure and affiliate-level capabilities independently affect affiliate performance, the potential interactions between network structure and firm capabilities warrant a multi-level analyses of how these two factors jointly shape affiliates' performance. Moreover, group affiliates usually maintain various types of network ties, enabling us to explore how different types of network ties influence the impact of innovative capability on performance in different ways.
In what follows, we develop two hypotheses to explore how business groups would affect firm performance by shaping the efficacy of their innovative capability. We first examine whether business groups influence the relationship between affiliates' innovative capability and their performance. Next, we investigate how distinct types of intra-group ties shape the value of innovative capability.
Hypotheses

Network Ties Shape the Benefits of Capability
A firm requires expertise in a set of complementary activities to exploit its innovative capability. These activities include searching for the new ideas, information and resources that constitute the material basis for innovative activities, and an ability to recombine these new ideas and resources with existing ideas and resources -a process which needs creativity, cooperation, and coordination.
The networks literature suggests that the degree of connectivity between network partners significantly affects the exploitation of the focal firm's innovative capability. There are two opposing viewpoints on the network form that is the most beneficial: Burt (1992) advocates networks rich in structural holes, while Coleman (1988 Coleman ( , 1990 supports dense networks where partners are closely tied to each other. Burt (1992) argues that the network ties of a set of firms are redundant if they lead to the same members in the network, since that implies that the firms share similar sources of ideas and resources. In contrast, firms on either side of a structural hole will not have any overlapping network ties. Thus, if they connect to each other, they Copyright c 2015 University of Perugia Electronic Press. All rights reserved would be able to access diverse flows of ideas and resources (Hargadon and Sutton, 1997) . Therefore, maximizing the presence of structural holes may produce efficient and information-rich networks beneficial to the focal firm (Burt, 1992) . By connecting to mutually unconnected partners, the focal firm benefit from accessing unique ideas and resources from remote partners, and hearing about potential threats and opportunities in advance (Powell and Smith-Doerr, 1994) . The advantages provided by structural holes are particularly valuable in terms of enhancing the value of the focal affiliate's innovative capability, because innovativeness is indispensable from novel ideas and abundant resources.
On the contrary, Coleman (1988 Coleman ( , 1990 argues that the focal firm may benefit more from dense networks, as they are characterized by efficient resource sharing, enhanced trust and reduced opportunism. When firms are closely connected with each other, ideas and resources pooled within the network can freely flow among them. Firms are likely to trust each other because their intensive interaction allows them to observe others' actions, which in turn facilitates resource-sharing, knowledge combination, joint problem-solving and large relationship-specific investments (Zaheer and Venkatraman, 1995; Dyer and Noboeka, 2000) . Moreover, they may develop shared routines of behavior and sanctions against opportunism, which enhance mutual understanding, cooperation and reciprocity, and finally lead to more productive collaboration (Uzzi, 1997; . Network closure may promote the exploitation of innovative capability by facilitating the recombination of new ideas and resources.
Considering the features of emerging economies where business groups operate, we argue that a dense group network is more likely to enhance the efficacy of affiliates' innovative capability, and thus achieve higher profitability. Emerging economies suffer from a relative lack of resources for affiliates to acquire, as well as underdeveloped infrastructure for arms-length relationships to facilitate the exchange of information and resources. Therefore, the pooling of crucial resources and the efficient internal coordination provided by business groups are crucial for enhancing affiliates' performance. In particular, to the extent that business groups are important importers of advanced technologies, they may provide access to frontiers of technology that are usually unavailable beyond the group in emerging economies. Moreover, business groups are able to establish external linkages with innovative corporations from developed countries because of their better reputation (Khanna and Palepu, 1997) , providing opportunities for group members to learn how to recombine resources more efficiently and creatively. Therefore, in emerging economies characterized by scant resources and underdeveloped institutions, the potential search benefits of networks rich in structural holes are difficult to realize. Dense networks are more likely to enhance the efficacy of a firm's innovative capability by facilitating the collection of information and resources within the group, and http://www.rei.unipg.it/rei/article/view/172 7 REVIEW OF ECONOMICS AND INSTITUTIONS, Vol. 6, Issue 1 -Winter-Spring 2015, Article 4 the recombination of resources and ideas. Hence, we propose the following hypothesis:
Hypothesis 1: The relationship between a focal affiliate's innovative capability and its performance is moderated by the density of the intra-group network in which it is embedded, with innovative capability becoming more valuable when the density of the intra-group network increases.
The Moderating Effects of Network Ties: Tie-Content as a Contingency
Although network ties may facilitate the exploitation of innovative capability, the relative benefits may vary across different types of ties because of differences in the content of ties.
Group-wide buyer-supplier ties can enhance the value of the focal affiliate's innovative capability by providing earlier access to information about consumers' potential demand. Firms with superior innovative capability are likely to make better use of this information advantage to develop new products in response to these opportunities (Cohen and Levinthal, 1990) . Moreover, affiliates in a network replete with buyer-supplier ties are exposed to novel and diverse ideas from customers and suppliers (von Hippel, 1989; Teece, 1989) , as the intensive interconnections facilitate fast and efficient flows of information (Gnyawali and Madhavan, 2001 ). Nevertheless, the external knowledge acquired will not be beneficial unless the affiliates are equipped with strong innovative capabilities, since successful innovation requires the ability to recombine existing information and known knowledge into novel solutions (Nahapiet and Ghoshal, 1998; Fleming, 2001) . The theoretical models of innovation inspired by recent advances in newgrowth theory in economics point out that the degree of innovation attained by any single firm is related not only to its ability to obtain sufficient resources, but also to its ability to recombine its own and external ideas into new concepts (Weitzman, 1998) . Affiliates which possess superior a innovative capability and are embedded in a dense network of buyer-supplier ties are expected to be able to better absorb, recombine and utilize the quick, novel, and diverse knowledge provided by the dense network and successfully come up with timing innovations.
At the same time, dense buyer-supplier ties can also undermine the exploitation of affiliates' innovative capability by making them insular. Extensive internal ties might cause affiliates to focus internally, rather than search the external environment for new ideas, thus limiting opportunities for innovation (Nelson and Winter, 1982) . However, we expect that the positive effects of intensive buyer-supplier ties on innovative capability will offset the negative effects for two key reasons. First, as indicated above, affiliates with a strong innovative capability are better able to take advantage of Copyright c 2015 University of Perugia Electronic Press. All rights reserved knowledge passing through their buyer-supplier ties. Second, affiliates with high levels of innovative capability are less likely to suffer from the negative effect of closed dense networks, relative to their less capable counterparts. Capable affiliates which possess innovation-friendly organizational routines, efficient communication systems, and innovative professionals are more likely to come up with novel ideas internally and be less dependent upon the external sources of new ideas. Therefore, innovative affiliates in dense networks of buyer-supplier ties will enhance performance by better exploiting their innovative capabilities.
Exploiting innovative capability also requires sufficient capital to support trial-and-error innovation procedures. In emerging economies, where many of the institutions that underpin the functions of a well-developed capital market either do not exist or exist in relatively weak form, equity ties among group affiliates provide access to internal capital markets and credibility. This makes it easier for an affiliate to access complementary resources from other affiliates. Such ties are of particular importance in emerging economies where there are scant capital resources available beyond business groups (Chang and Hong, 2000) . Therefore, affiliates with more equity ties with other affiliates are more likely to enhance the value of their own innovative capability, compare to those with fewer equity ties.
The final type of intra-group ties, directorship ties, is likely to devaluate an affiliate's innovative capability through several paths. First of all, the highly concentrated authority among a few directors renders them information-overloaded. Since it has been shown that decision-makers are limited in their ability to process the received information when its amount exceeds what they can process (Van Zandt, 2004) , directors who sit on many boards of a group's affiliates are unable to disseminate useful information across affiliates in time. Given the importance of efficient information flow and the diffusion of new knowledge for innovation, the innovative activities of affiliates would be negatively affected by the problem of information overload.
Furthermore, many business groups in emerging economies are familycontrolled such that family members often hold the position of board chairs of multiple affiliates. Family directors are loath to hire capable outside professionals and invest in projects that require external support due to their lack of trust in outsiders and an excessive desire to control the whole group (Fukuyama, 1995; La Porta, et al., 1997; Morck and Yeung, 2004) . Since human resource plays a key role in knowledge-creation processes, the shortage of professionals would greatly undermine the innovativeness of affiliates. Finally, in order to maximize the profits of the entire group, the central family may use the internal capital market to subsidize poorly performing affiliates. This practice, called tunneling, deprives focal affiliates of the financial capital needed for innovative activities. In addition, since innovation may destroy the value of wealth possessed by family members, family directors would favor the status quo and will tend to spend less on innohttp://www.rei.unipg.it/rei/article/view/172 9 vation to prevent Schumpeter's (1934) creative destruction from becoming "creative self-destruction".
However, notwithstanding their potential negative effects on affiliates' innovative capability, it is possible that directorship ties may actually promote innovative activities by facilitating internal coordination and reducing transaction costs through frequent communications among directors and family authorities (Hamilton, 1997; Chung, 2003) . Nonetheless, we argue that the negative consequences of family control on innovative capability dominate for two reasons. First, affiliates that are capable of innovation will be constrained by the inefficient information flow, lack of capable professionals, and deprivation of financial capital necessary for innovation. These limitations will paralyze innovative activities and hence diminish the value of innovative capability. Second, innovative affiliates are less likely to obtain significant benefits from the enhanced internal coordination and reduced transaction costs brought about by directorship ties because of the efficiencies of their existing routines and structures (Eisenhardt and Martin, 2000) .
In sum, considering the heterogeneity in the content of intra-group network ties, we propose the following hypothesis:
Hypothesis 2: Different types of network ties moderate the relationship between an affiliate's innovative capability and its performance to different degrees: buyer-supplier ties and equity ties enhance the value of innovative capability, while directorship ties reduce its value.
Data and Measures
We use Taiwan as the empirical setting for testing the hypotheses. While Taiwan is famous for its small and medium sized enterprises, business groups are also important players in its corporate landscape (Hamilton and Biggart, 1988; Hamilton and Kao, 1990) . Taiwan is an ideal setting for at least three additional reasons: First, business group affiliated firms in Taiwan have played important roles as innovators during a period in which Taiwan moved from being primarily an imitator to becoming an important source of innovation during the 1990s (Hobday, 1995) . Between 1990 and 1999, business group affiliates received roughly 40% of the US patents awarded to Taiwanese enterprises. While affiliates such as United Microelectronic Corporation (UMC group), Taiwan Semiconductor Manufacturing Company (TSMC group), Winbond Electronics (Walsin Lihua group), and Hon Hai Precision Industry Company (Hon Hai Group) have been successful as innovators, the variation in financial performance across affiliates with similar levels of innovativeness but different group affiliations makes Taiwan especially intriguing for examining the interface between intra-group network ties and affiliate capability.
Second, business groups in Taiwan are heterogeneous: they are formed
Copyright c 2015 University of Perugia Electronic Press. All rights reserved via a rich variety of network ties, and their financial performance varies significantly both within and across the groups. The ties that connect group affiliates in Taiwan range from informal ties based on family, friendship, religion, language, and ethnicity (Khanna and Rivkin, 2001; Luo and Chung, 2005) to formal economic arrangements such as equity cross-holdings, direct interlocks, and buyer-supplier agreements (Lincoln et al., 1996) . In this study, we examine the effect of three types of the most important and prevalent intra-group ties: buyer-supplier ties, equity ties, and directorship ties. The variation across groups in terms of pattern of ties makes Taiwan particularly attractive for our study. Third, business group membership is clearly defined in Taiwan. This is in contrast to other countries, where the ambiguity of group boundaries makes it difficult to examine the effects of group attributes on affiliates' performance. In Japan, for instance, a lack of family solidarity and governmental encouragement of inter-group activities obscures the boundaries of the keiretsu (Saxonhouse, 1993; Weinstein and Yafeh, 1995) . In Taiwan, by contrast, cultural norms, such as patrilineal family connections and regional kinship, enable group boundaries to be clearly delineated (Numazaki, 1986) . Owners and directors of group affiliates in Taiwan can be easily identified, along with detailed data on operating, directorship, and investment ties. Thus, the preponderance of business groups in Taiwan, together with the heterogeneity of their network ties and the ease of identifying group affiliation, allows us to test fairly easily when and how business groups create value for their affiliates.
Data and Sample
To test our hypotheses, we need business group-level data on the network ties between group affiliates, and firm-level data on firms' innovative capability and performance. We refer to three data sources to obtain these measures. Our major data source is the Business Groups in Taiwan (BGT) directory, compiled by China Credit Information Service (CCIS) in Taipei. CCIS is the oldest and most prestigious credit-checking agency in Taiwan and is affiliated to Standard and Poor's in the United States. The BGT directory is the most comprehensive and reliable source for business groups in Taiwan. It contains information on the top 100 business groups (ranked by turnover) and is confined to groups whose principal firms are registered in Taiwan. CCIS defines a business group as "a coherent business organization including several independent enterprises." CCIS constructs its database by examining inter-organizational relationships such as the presence of a shared identity, cross-shareholdings, and interlocking directorships.
According to BGT, the top 100 groups contributed 42% of national GDP in the 1990s, indicating that they have a significant impact on business activity within Taiwan. While several previous studies have relied on this http://www.rei.unipg.it/rei/article/view/172 11 source (Hamilton and Biggart, 1988; Claessens et al., Lang 2000; Khanna and Rivkin, 2001) , no prior research has translated and coded the data on intra-group ties. This was obtained by collating the data on each group's intra-group buyer-supplier relationships, equity cross-holdings, and shared directorships. The BGT database also provides demographic information on business groups (e.g. group age, size, performance, and liability) and their affiliates (e.g. firm age and size). When coding the data, we read the BGT directories of 1990, 1994, and 1998, identified groups and affiliates, and manually transcribed information about each group and its affiliates.
Measuring firm innovative capability and performance requires detailed information, which is only available for publicly listed firms in Taiwan. Therefore, the list of focal firms was confined to affiliate firms that were listed on Taiwan's Stock Market 2 . Innovative capability was measured by examining each firm's R&D expenditure, obtained from the Taiwan Economic Journal Data Bank 3 (http://www.tej.com.tw), and its number of successful patent applications. The latter was sourced from the online database of the Taiwanese Intellectual Property Office (http://www.patent.org.tw), which collects information on the patent applications of Taiwanese firms since 1990. Financial data was obtained from the Taiwan Economic Journal Data Bank to calculate each firm's Tobin's q, which was the performance measure we used. Our final sample consisted of 100 observations for 63 listed firms belonging to 47 business groups for the years of 1990, 1994, and 1998. The four-year window allows sufficient variance in the focal firm's innovative capability as well as its group network structure. Dependent Variable -Tobin's q : We use Tobin's q as our measure of performance. It is defined as (market value of equity + book value of preferred stock + book value of debt)/(book value of assets), where the market value of equity is calculated using closing stock prices on the last trading day of the year (Khanna and Palepu, 2000) . Tobin's q has been widely used in the business group literature, because of its advantages over accounting measures. It reflects the market value of the firm in a timely manner, as it is based on the evaluation of firm capabilities, which are inherently dynamic. Moreover, Tobin's q is independent of a firm's scale of operation. This characteristic matches our intent to capture the contribution of firm capabilities to performance, and not the portion of performance that is attributable to a large scale of operations or resource use.
Independent Variables:
Firm innovative capability is calculated in the way consistent with Dutta et al. (1999) . Details of the estimation are provided in Appendix 1 and 2.
Four variables are used to measure the characteristics of intra-group network ties. The density of all ties is defined as the ratio of the actual to the potential number of ties within a business group. Operating density is the ratio of actual buyer-supplier ties within a business group to the total number of potential buyer-supplier ties in that group. Equity density refers to the ratio of actual equity ties within a business group to the total number of potential equity ties in that group. Finally, director density is defined as the ratio of actual directorship ties among affiliates within a business group to the total number of potential director ties in that group.
Control Variables: We included two affiliate-level variables to capture other influences on performance. Affiliate size denotes the total assets of the affiliate (thousands of New Taiwanese dollars). Large affiliates may be better positioned to acquire capabilities. Also, scale economies, in terms of spreading the costs of implementing capabilities over a large base of operations, are greater in larger affiliates. Affiliate age refer to the number of years from the establishment of the firm. Also, 19 industry categories are included to control for variance in firm performance due to industry-level variables.
To the extent that firms within a group may share certain common group specific attributes, error terms across affiliates within a group may correlate with each other. Thus, a failure to control for group-specific heterogeneities might lead to the problem of autocorrelation among affiliates within the same group. We address this problem by including three group-level variables that address group-level influences on the development of affiliate capability: group size records total group assets (in thousands of New Taiwanese dollars), group ROA refers to the annual group-level return on assets, and group liability is measured as the ratio of debt to net worth.
The centrality measure uses degree centrality, which indicates the number of direct partners with which a focal affiliate has relationships. The centrality of all ties is defined as the ratio of the number of network ties a focal affiliate maintains to the number of affiliates in its intra-group network. Operating centrality is the ratio of the number of buyer-supplier ties a focal affiliate maintains to the number of affiliates in its intra-group network. Equity centrality refers to the ratio of the number of equity ties a focal affiliate maintains to the number of affiliates in its intra-group network. Director centrality is defined as the ratio of the number of directorship ties a focal affiliate maintains to the number of affiliates in its intra-group network. We did not use other centrality measures, such as closeness centrality and betweenness centrality (Freeman, 1977) , due to the small size of our networks. We created four degree centrality measures: one for each of the three types of tie and one for all types of ties. In addition, we controlled for two other firm capaand they remain very similar.
http://www.rei.unipg.it/rei/article/view/172 bilities, namely marketing capability and manufacturing capability, in the sensitivity analysis because they influence both the efficacy of innovative capability and the performance of the affiliate (Dutta et al., 1999) . Details of the estimation of the two capabilities are provided in Appendix 1 and 2.
Empirical Analyses
Our empirical analysis involves two steps. First, we estimate firm capabilities using stochastic frontier estimation (SFE). This approach views capabilities as an "intermediate transformation ability" (Dutta et al., 1999) that allows a firm to convert inputs available to the firm (i.e. its resources) into desired outputs (i.e. its objectives). We expect that firms that are efficient in deploying their resources to have superior capabilities, and thus perform better than those that are less efficient. SFE enables us to empirically estimate the efficient frontier (i.e. the desired goal) and thus the level of productive efficiency (i.e. a firm's capability) achieved by each firm in the study. Second, we explore the impact of intra-group network, firm capabilities, as well as their interactions on firm performance. Table 1A shows that the number of group affiliates and listed affiliates increased over time. Operating density (based on buyer-supplier ties) dropped substantially, while director density kept rising. Operating density fell as Taiwanese business groups diversified into service sectors during this period (Amsden and Chu, 2003) . The desire to preserve family control encouraged the maintenance of directorship ties. Table 1B reports the correlations between the independent and dependent variables, as well as their summary statistics. There is significant variation in affiliates' performance during the period, with the maximum value being 6.979 and the minimum 0.147. In addition, we note that there is significant heterogeneity in innovative capability across firms in our sample, with a standard deviation of 12.9%. This characteristic fits the prerequisite for capabilities to serve as sources of competitive advantage, which is that they should be heterogeneously distributed. Table 1B also indicates that the density and centrality measures of the group network are highly correlated. These suggest a need to exercise caution when putting both of them in a regression. Since the correlation of equity density and equity centrality is the lowest, we control for equity centrality in the following regressions. Table 2 provides pooled regression results on affiliates' performance using ordinary least square (OLS) estimation and Generalized Estimating Equations (GEE) as robustness check. To the extent that firms within a group share certain group-specific attributes, error terms across firms in a group may correlate with each other. To control for the autocorrelation between affiliates of the same business group, we cluster each affiliate around its group affiliation. We tested Hypothesis 1 using three models. *** Significant at 1% level; ** significant at 5% level; * significant at 10% level. Standard errors are in the parentheses. Dummy variables for industry are included in the models, but not shown in the table.
Summary Statistics
Regression Results
Model 1 includes all of the control variables, and serves as the baseline model. The interaction between innovative capability and the density of all ties was included in Model 2. Consistent with our expectations, the sigCopyright c 2015 University of Perugia Electronic Press. All rights reserved nificantly positive sign (P<0.01) on the term Innovative capability* Density of all ties implies that a firm's innovative capability positively moderates the relation between network density and firm performance. As a robustness check, we controlled for the effect of network position by adding the centrality of all ties in Model 3 and found the same result as Model 2. Therefore, Hypothesis 1, which proposes that the density of a group's network complements the performance impacts of its affiliates' innovative capabilities, is supported.
The left half of Table 3 shows the results of the five OLS models that were used to test Hypothesis 2, which posited that the complementarity of network ties to a firm's innovative capability varies across different types of ties. The first three models include three interaction terms, consisting of the interaction of innovative capability and the three types of intra-group ties, in isolation. The results indicate that buyer-supplier ties and equity ties significantly enhance the value of innovative capability, while directorship ties do not influence the relationship between innovative capability and performance. When all of the interaction terms were included (Model 4), the results remain similar, although the strength of the complementarity effect of equity density decreased. To control for the effect of network position, we included equity centrality in the model; however, the results do not change substantially. These findings suggest that Hypothesis 2 is supported.
Sensitivity Analyses
We undertook several sensitivity analyses. First, in addition to clustering affiliates around their group affiliations control for group-specific heterogeneity, we also clustered around each affiliate to control for correlations among firm-specific observations over time. The results were similar. Second, although we did not find a significant moderating effect of director density on the relationship between innovative capability and performance, a question arises as to whether such moderating effect may be strengthened as the level of family control increases. When accounting for family control by including the ratio of family members among directors, we found that family control reduced the value of innovative capability, which is supportive to our discussion about the role of family members sitting on boards.
Third, we addressed several alternative explanations to clarify causality. For example, affiliates' performance and group-level density could both be attributed to a third unobserved variable. It has been pointed out in the literature (Chintagunta et al., 1993 ) that failing to control for unobserved heterogeneity may lead to inconsistent parameter estimates. We address this problem by including a firm's marketing capability and manufacturing capability. Existing literature indicates that marketing capability and manufacturing capability may enhance both firm performance and the efficacy of the firm's innovative capability (Dutta et al., 1999 *** Significant at 1% level; ** significant at 5% level; * significant at 10% level. Standard errors are in the parentheses; Dummy variables for industry are included in the models.
of Table 2 , and Model 5 and Model 10 of Table 3 suggest that our results are robust to this argument. Finally, we use a flexible random effects method known as the Generalized Estimating Equations (GEE) for panel data (Liang and Zeger 1986) . A useful feature of the GEE approach for panel data estimation is that it does not require the observations for all subjects to have the same correlation structure. Instead, GEE allows us to specify within-group correlation structures, as well as correct for heteroskedasticity. The right half of Tables 2  and 3 indicates that our results are materially unchanged when GEE is used to control for within group correlations across multiple years as well as for heteroskedasticity
Discussion
This study offers important implications for firm capability and social network research. For firm capability research, the study suggests the need to examine the value of capabilities when firms are embedded in a variety of formal and informal relationships. Existing strategy research employing the resource-based view of the firm explains variations in firm performance as primarily arising from firms' own capabilities (Barney, 1991) . Our research, Copyright c 2015 University of Perugia Electronic Press. All rights reserved however, challenges this assertion by highlighting the effects of firms' network ties on the value of their own capabilities. Rather than operating independently, firms are intertwined with each other through network ties. Consequently, the formal and informal ties connecting a focal firm to other firms may appreciate or depreciate the value of the focal firm's capabilities, depending on the structure of the network, as well as the type of network ties in which the firm is embedded. We find that a firm's innovative capability is generally more valuable in a network with dense network ties than in one with scant network ties. This is because the rich information and ideas transferred through network ties stimulate the growth of innovative capability. However, this effect is contingent on the type of network ties. Buyer-supplier ties and equity ties significantly appreciate the value of innovative capability, but directorship ties do not have any impact.
This study contributes to the network literature by incorporating firm capabilities into the analytical framework of how social networks affect the exploitation of firm capabilities, and thus firm performance. Extant network literature points out that network density and a firm's location in a network significantly impact firm value. They also discuss how networks lead to firm capability (McEvily and Zaheer, 1999; Mahmood et al., 2011) . However, little is known as to how the attributes of networks, such as the type of network ties and the overall structure of the network, influence the embedded firms' capabilities, and thus firm value. We explore this question and find that network density does impact firm capability, and that this influence differs by the type of ties. Specifically, the value of innovative capability increases with operating density and equity density, while it is not affected by directorship density.
By clarifying the interface between firm capability and business group networks, this study also provides some managerial guidance to business group managers. The positive interactive effects between firm innovative capability and operating density and equity density suggest that in order to achieve higher profitability by exploiting their innovative capability, affiliates should engage in maintaining these two types of ties with other group members.
Besides the theoretical contributions, this study also contributes empirically by modeling firm-specific capabilities, thus separating out the effects of the resources owned by an affiliate from the effects of the resources owned by the group on the performance of individual affiliates. Such new measures of firm-specific effects enable us to accurately identify the effect of intra-group networks in a business group. The overall results suggest that intra-group network ties are an important channel through which business groups affect the profitability of their group members. Groups are efficient in the sense that their internal networks minimize the transaction costs resulting from market imperfections prevalent in emerging economies and promote information exchange and resource sharing, which are hard to http://www.rei.unipg.it/rei/article/view/172 achieve via the market system (Khanna and Palepu, 1997) .
Limitations and Directions for Future Research
A potential limitation of this study is that the business group network may not be representative of other types of interfirm networks. Examining the interplay between firm capability and network structure in other types of interorganizational networks may help address the question of external validity. Moreover, our empirical context is an emerging economy, Taiwan. A multi-country analysis incorporating institutional differences could help to evaluate the robustness of the results to other institutional contexts.
The study offers several avenues for further research. First, it would be interesting to investigate how intra-group network ties will evolve as the institutional environments of emerging economies improve. Intra-group ties create value for group affiliates by promoting their resource sharing, information exchange, and thus exploitation of innovative capability. Future research may examine whether such benefits will mitigate as market intermediaries develop and whether this in turn makes intra-group networks sparse. Second, just as we have shown that different types of ties play distinct roles in shaping the value of firm capabilities, others might study whether and how the efficacy of each type of ties will change as a result of institutional transition and market development of emerging economies. This will provide implications as to what types of ties business groups should construct and maintain among the multiplex relationships intertwining member firms in response to the changing environment. Third, more disaggregated measures of firm capability, which go beyond functional domains and focuses on individual projects (Ethiraj et al., 2005; Henderson and Cockburn, 1994) , may be useful for unmasking the mechanisms by which group-level resource sharing benefits affiliates' performance. Second, just as capabilities affect firm performance, the latter also has an impact on the former, making it difficult to establish causality. The huge windfall generated from Samsung's DRAM units in the early 1990s, for example, allowed Samsung to make significant investments in furthering its innovative capabilities. In this study, we addressed this issue of causality by considering multiple contingencies that provided the boundary conditions for the underlying theoretical mechanisms by which firm capability influences performance. Examining the simultaneous relationship between capabilities and performance may be a useful next step. Finally, as Dutta and his colleagues lament, "As far as limitations go, the most obvious one is the use of a parametric approach to estimating capabilities." One promising alternative is to use semiparametric methods based on a combination of Stochastic Frontier Estimation (SFE) and Data Envelopment Analysis (DEA). Such extensions would continue the task of unpacking the black box of networks and firm capabilities. 
